A procedure employed in the purification of anthranilate synthetase component I of Escherichia coli is described. The purified component appears homogeneous by starch gel electrophoresis and by sedimentation analysis. A molecular weight of 60,000 was estimated by gel filtration on Sephadex G-100. This value is consistent with the molecular weight estimated from the sedimentation and diffusion coefficients. Purified anthranilate synthetase component I cannot use glutamine as substrate and thus has no activity in the reaction of chorismate + L-glutamine -÷ anthranilate; however, it is active when ammonium sulfate is provided as amino donor. Sucrose density gradient analyses showed that ammonium sulfate does not affect the sedimentation velocity of component I. The ultraviolet absorption and fluorescence spectra of the purified component indicated that it contains tryptophan. Peptide pattern and extract complementation evidence suggested that the protein is a single polypeptide chain. Enzyme activity measurements indicated that wild-type E. coli produces equimolar amounts of at least four of the five polypeptides specified by the operon. Purified anthranilate synthetase component I is inhibited by L-tryptophan.
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In a previous communication, we reported that the anthranilate synthetase of Escherichia coli consists of nonidentical subunits specified by the first two genes, trpE and trpD, of the tryptophan operon (16) . This conclusion was based on the observation that nonsense mutants with alterations in either of these genes lacked anthranilate synthetase activity. It was also shown that anthranilate synthetase activity appeared when extracts of strains carrying trpE and trpD nonsense mutants were mixed. This activity was associated with a species with the same sedimentation coefficient as wild-type anthranilate synthetase, approximately 7 .5S, while the contributing components of the trpE and trpD mutants sedimented at approximately 4.3S and 4.4S, respectively.
The component specified by the D gene, in addition to being required for anthranilate formation, catalyzes the subsequent step in tryptophan synthesis, the conversion of anthranilate to N-(5'-phosphoribosyl) anthranilate Second chromatography on DEAE-Sephadex. After dialysis of the suspended precipitate for a total of 10 to 12 hr against 1-liter volumes (changed twice) of 0.01 M potassium phosphate buffer, pH 7.0, the clear solution was applied to a DEAE-Sephadex column prepared as described above, and the previous DEAE-Sephadex step was repeated. The elution pattern showed coincident peaks of protein and activity; the specific activity was constant throughout the peak. The results of a typical purification run are presented in Table 1 .
Evidence of homogeneity. The degree of homogeneity of purified anthranilate synthetase Col preparations was determined by starch gel electrophoresis, sedimentation velocity in a Spinco -model E ultracentrifuge, and sucrose density gradient centrifugation. Starch gel electrophoresis was performed as described by Smithies (28) . Figure 2A shows the starch gel electrophoretic pattern of the final preparation obtained after the second chromatographic step on DEAESephadex. Only trace impurities were detected.
An S20,w value of 4.04 was measured on a synthetase CoI preparation containing approximately 6 mg of protein per ml (specific activity, 500 units/mg) in 0.1 M potassium phosphate buffer, pH 7.0. A representative schlieren pattern is shown in Fig. 3 , indicating a degree of homogeneity comparable to that shown by starch gel electrophoresis.
It was also demonstrated that the anthranilate synthetase CoI activity of the above preparations was associated with the main protein component. This was shown by comparing the activity and protein profiles following sucrose density gradient centrifugation (20) .
Molecular weight determination. The molecular weight of anthranilate synthetase CoI was determined by measuring its elution volume on a calibrated column of Sephadex G-100, according to the method of Whitaker (31) . The reference proteins and their molecular weights were: bacterial alkaline phosphatase, 80,000 (18, 26) ; E. coli indoleglycerolphosphate synthetase, 45,000 (5); E. coli tryptophan synthetase a subunit, 29,000 (13) . The estimated molecular weight of the anthranilate synthetase Col of strain 9778 was 60,000 (Fig. 4) .
A diffusion coefficient was determined by a synthetic boundary analysis of the same anthranilate synthetase CoT preparation (at 6 mg of protein per ml, 0.1 M potassium phosphate buffer, pH 7.0) and was corrected to the viscosity of water at 20 C (25); the value found was 6.1 x 10(-cm2sec-1. This value, together with a sedimentation coefficient of 4.04S and an assumed partial specific volume of 0.74 cc/g, gave a molecular weight of 63,000. This calculated molecular weight is in good agreement with the value determined by Sephadex G-100 gel filtration.
Ultraviolet absorption and fluorescence spectra. The ultraviolet absorption spectrum of purified anthranilate synthetase Col was determined in 0.01 M potassium phosphate buffer at pH 7.0. The spectrum was that of a simple protein with an absorbance ratio (A28o:A260) of 1.54 (Fig. 5) Effect of pH on enzyme activity. The activity of anthranilate synthetase Col was examined over the pH range 6 to 9 in potassium phosphate buffer and Tris-hydrochloride buffer. Maximal activity was observed between pH 7.2 and pH 7.8.
Effect of NH4+ ions on the activity of anthranilate synthetase CoL. During the purification of anthranilate synthetase CoI, it was noticed that ammonium ions activated the component. The effect of NH4+ ion concentration on component I activity was determined; a plot of the reciprocal of the reaction rate versus the reciprocal of the ammonium sulfate concentration can be seen in Fig. 7 . From these data, a Km value of 0.015 M for NH4+ can be calculated. Identification of the reaction product as anthranilic acid. In order to produce enough prod, uct of the anthranilate synthetase Col reaction for identification, the reaction mixture was increased 10-fold. The mixture was incubated for 10 min at 37 C; the reaction was terminated by inactivating the enzyme by heating in a boilingwater bath for 1 min. The reaction product was extracted with ethyl acetate and the solution was concentrated by bubbling with nitrogen gas. The remaining solution was spotted on Whatman 3 MM paper, and the reaction product was separated by descending chromatography [developing solvent contained n-butyl alcohol-n-propanolwater (1:2:1) and 1% 1 N NH40H] for 14 hr at room temperature. Anthranilic acid was cochromatographed as a reference compound. One strongly fluorescent spot was observed in the reaction product sample; this spot had the same RF value as anthranilic acid. The absorption spectrum of the reaction product was identical with that of anthranilic acid. Peptide patterns. In an attempt to obtain information on the number of identical or nonidentical polypeptide chains that constitute the 60,000 molecular weight species of anthranilate synthetase Col, peptide patterns were examined. Digestion of the anthranilate synthetase CoI was carried out by a procedure similar to that described for the a subunit of tryptophan synthetase (12) . A sample of 8 to 10 mg of anthranilate synthetase Col was dissolved in 6 M urea buffered with 0.01 M NH4HCO3 at pH 8.2. This solution was allowed to stand for 15 min at room temperature and then diluted with two parts of distilled water. Trypsin was added at a protein-trypsin ratio of 40:1 (w/w) and the digestion was allowed to proceed for 3 hr at 25 C with gentle shaking. The digest was then diluted fourfold with distilled water and applied to a Dowex 50 x 2 (50-100 mesh, H+ form) column. The column was washed with 150 ml of distilled water to remove the urea. The peptides were then eluted from the column with 4 M NH40H. The eluate was dried in vacuo at room temperature over sodium hydroxide pellets and sulfuric acid. The residue was dissolved in a small volume of distilled water (0.01 ml/mg of peptides) and the peptides contained were separated by two-dimensional chromatography-electrophoresis (12) . An insoluble residue remained at the origin. Approximately 40 major ninhydrin-reacting soluble peptides were detected on the chromatogram, of which 24 contained arginine and 10 contained tyrosine (Fig.  8) . These numbers agree roughly with the numbers expected on the basis of preliminary amino acid analyses (approximately 20 lysine, 35 arginine, and 13 tyrosine residues), assuming that the estimated molecular weight of 60,000 corresponds to a single polypeptide chain. b The tryptophan synthetase subunits were assayed according to Smith and Yanofsky (27) . The molar concentrations of the polypeptide chains were calculated from their molecular weights and the specific activities of the purified proteins. The molecular weights of the a and ( polypeptide chains are 29,000 (13) and 49,500 (10, 32) , respectively. The specific activities of the purified a and (32 subunits are 5,000 (4, 5, 13) and 2,700 units of protein (33), respectively. The extract used was obtained from a strain of E. coli carrying a mutation in trpR (repressorconstitutive). Culture conditions were described previously (34 (17) . DISCUSSION The findings reported in this paper indicate that anthranilate synthetase Col of E. coli, purified to near homogeneity, has a molecular weight of approximately 60,000 daltons and a specific activity, in the presence of excess anthranilate synthetase Coll, of 500. Peptide pattern studies with tryptic digests of purified anthranilate synthetase Col suggest that it does not consist of two or more identical polypeptide chains; rather, the 60,000 daltons can be accounted for by unique amino acid sequences, probably in a single or two nonidentical polypeptide chains. The fact that extracts of strains carrying various nonsense mutations in trpE do not complement one another suggests that component I is a single polypeptide chain. On the basis of these conclusions, it was calculated that E. coli (a trpR mutant) produces equimolar amounts of component I and the a and ,B chains of tryptophan synthetase. It was previously shown that indoleglycerol phosphate synthetase was present at the same molar concentration as tryptophan synthetase a and ,B in extracts of a trpR mutant E. coli. Since the first, third, fourth and fifth gene products of the operon are produced in equimolar amounts, it is extremely likely that all five polypeptides specified by the polycistronic trp messenger (14) are produced in equal numbers. The same conclusion has been reached concerning the synthesis of two of the enzymes specified by the galactose operon of E. coli (33) . With regard to the histidine operon of S. typhimurium, three of the histidine enzymes are produced at equimolar levels, whereas the enzyme specified by the first gene of the operon is synthesized in greater amounts (21) . Studies of the induced levels of the enzymes specified by the lactose operon of E. coli also indicate that equimolar production is not obtained (3). It is relevant to these considerations that, under certain conditions, the concentrations of the tryptophan enzymes in E. coli are not equimolar (15, 29, 34) .
Inhibition studies with purified anthranilate synthetase Col (Fig. 9 and 10) showed that the activity of this component can be regulated by L-tryptophan. This finding indicates that this component has both a catalytic site and a feedback inhibitor site. In the accompanying paper (17) , more detailed kinetic data are presented. ACKNOWLEDGMENTS This work was supported by grants from the Public Health Service (GM-09738) and from the National Science Foundation (GB-6790).
